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Abstract  
A study of centenarians in Sardinia detected the existence of an area where the number 
of centenarians is higher than elsewhere, in particularly for men. There is a widespread 
opinion  that  the  existence  of  a  greater  or  a  lesser  number  of  centenarians  largely 
depends on mortality features between 80 and 100 years. This study aims to cast light 
on our knowledge of elderly  mortality differentials, total and by cause of death, in 
Sardinia, and attempts to verify this hypothesis. To do so, an analysis is conducted of 
age and sex mortality trends over time at province and municipality level. Results fully 
confirm the underlying hypothesis.  
 
                                                                        
1 The results presented here are part of the research project “Demography of Sardinian mortality”, directed by James Vaupel and funded by the 
Max Planck Institute for Demographic Research, Rostock. 
2  Department of Demography, University of Rome “La Sapienza” 
3  Department of Demography, University of Rome “La Sapienza” Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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1. Introduction  
The exceptional proportion of centenarians on the Italian island of Sardinia (1,650,000 
habitants), and their more balanced sex ratio, has led to considerable interest among 
demographers, geneticists, gerontologists and clinicians specialising in genetic mapping 
(DNA) (Caselli et al. 2003). 
Interest in understanding the underlying processes of living to advanced ages is 
widespread: in Sardinia (as elsewhere) the main focus has been on investigating the 
influence of both biological charateristics and life histories on longevity. An intriguing 
aspect of Sardinian centenarians is that their gender differences do not follow tha same 
patterns observed in North and Centre Italy nor that observed in other low mortality 
countries. The female/male ratio among centenarians in Sardinia is 2.7:1 in comparison 
to 5:1 for Italy, in some Northern regions of Italy the sex ratio can be as high as 7:1. 
Female/male ratios are usually 5-6:1 in other developed countries (Robine and Caselli 
2005). The underlying reasons for these differences have been studied together with 
other  researchers  as  part  of  the  recent  AKEA2
4  project.  This  is  part  of  a  larger 
international research project whose aim is to study the bio-demographic features of 
Sardinian centenarians and their exceptional longevity (see note 2).  
Previous research shows a higher concentration of centenarians in an inland area of 
the island, more or less coinciding with the province of Nuoro (Poulain et al. 2004). 
There  is  widespread  consensus  that  the  presence  of  a  greater  or  lesser  number  of 
centenarians is largely due to mortality differentials at age 80 to 100 (Vaupel and Jeune 
1995, Thatcher 2001). Lower mortality among this age group implies that more people 
should  live  until  they  are  aged  100  or  over.  Swiss  forecasts  (Robine  unpublished) 
confirm that 40% of the increase in the number of centenarians between 1970 and  2000 
can be traced to decline in mortality among 80- to 100-year olds. Caselli and Rasulo 
(2005) have shown that in Sardinia, compared with Italy, 60 per cent of the higher 
proportion of male centenarians born between 1880 and 1902 is due to lower mortality 
among 80 to 99-year old Sardinian men.  
While cohort behaviour is the key to understanding demographic processes, what 
clearly emerges from centenarian mortality studies is the crucial role played by period 
analysis of both geographic and gender mortality differences. Both these aspects are 
pivotal to this study where particular focus will be given to mortality trends and features 
among individuals aged 80 and over. A primary aim will be to identify geographic areas 
that are homogenous with regard to low mortality and investigate whether these areas 
also  have  a  high  proportion  of  centenarians.  Another  aim  is  to  study  the  causes 
                                                                        
4AKEA2 is the name of the project “Demographic Analysis of Longevity. A Survey on Sardinian Centenarians” directed by James Vaupel, Max 
Planck Institute (funded by NIA, US, subcontract with Duke University n.03-SC-NIH-1027). Demographic Research: Volume 14, Article 13 
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underpinning  observed  geographic  mortality  differences,  with  a  particular  focus  on 
morbidity  leading  to  death  that  facilitates  identifying  the  risk  factors  involved.  The 
study  of  the  cause  of  death  favours  a  shift  from  a  merely  descriptive  to  a  more 
explanatory analysis of mortality differences.  
In summary, in the first section of the study, after describing the data and methods 
used, elderly male and female survival trends during the last three decades of the XX 
century,  are  analysed  and  a  comparison  is  made  between  Italy  and  Sardinia  and 
provinces and regions. Our focus is on the analysis of mortality differentials – all-cause 
and cause-specific - between Sardinia and Italy; namely mortality differences between 
a) Sardinian provinces and municipalities and b) men and women, the goal being to 
identify homogenous zones according to mortality levels and patterns. 
 
 
2. Data and methods  
2.1 Data 
Mortality and population data used are from ISTAT and Emilia–Romagna Regional 
Authority databases
5. 
For  the  population  of  Italy  and  the  regions  the  census  population  and  the 
population estimates for every calendar year from 1952 to 2001 have been used (Golini 
et  al.  1983,  Capocaccia  et  al.  1990,  ISTAT  2000a).  For  Sardinian  provinces  and 
municipalities reference is to the census population for the years 1971, 1981, 1991 and 
2001,  and  that  reconstructed  on  January  1  for  every  year  between  1971  and  2001 
(Capocaccia et al. 1990, ISTAT 1974 1985 1995 1996 2000a). For the municipalities 
population data by age is available for single years of age starting in 1981 to 2002 (see 
footnote 5 and ISTAT 2004a).  
Mortality  data  are  provided  by  ISTAT,  and  are  available  at  the  municipal, 
provincial and regional level, and by individual age for the years 1969 to 2000
6. For 
Italy and its regions (including Sardinia)  ISTAT  life tables are available for the years 
close to the census,  starting from 1951, and for more recent calendar years starting 
from 1997 (ISTAT 1976 1987, www.istat.it). Life tables at the provincial level have 
been constructed close to the 1971, 1981, 1991 censuses (Lipsi and Caselli 2002), but 
these life tables only go up to age 85+. ISTAT provincial life tables for all ages only 
date from 1995 (for 1995 see ISTAT 2000b, for 2000 see www.istat.it). 
                                                                        
5 Atlante Italiano di Mortalità 1981-1994 (1998). 
6 We are grateful to ISTAT and to Dr. Silvia Bruzzone in particular for her assistance and kindness. Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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As part of this study provincial life tables for Sardinia were constructed for ages up 
to 99 and for the years 1975-77, 1978-80, 1981-83, 1984-86, 1987-89, 1990-92, 1993-
95, 1996-97 and 1998-2000
7.  
Mortality probabilities by cause of death for the periods 1975-1977, 1996-1997, 
and 1998-2000 were also constructed, with comparisons between Sardinian and Italy, 
and Sardinia and each of the four provinces. Male and female mortality probabilities 
were calculated by 5-year age group, from 80 to 99 years. Causes of death considered in 
this study  were classified and coded according to the International Classification of 
Diseases, Revision IX (ISTAT, 1984). These included: Cardiovascular diseases (390-
459); Ischaemic heart diseases (410-414); Cerebrovascular diseases (430-438); Other 
cardiovascular diseases (390-398; 401-405; 440-459); Cancers (140-239); Other causes 
(001-139; 240-389; 460-466; 470-999). 
Standardized  mortality  ratios  (SMR)  for  1981-1989  and  1990-1994  were 
calculated for each of the 363
8 municipalities. The ratios refer to those aged 80 and over 




The  main  methods  described  are  those  regarding  the  construction  of  provincial  life 
tables and mortality and survival indicators as well as spatial analysis methods to define 
geographically homogeneous areas with regard to oldest old mortality.  
To obtain synthetic mortality indicators by provinces, life tables were constructed 
for the three year periods indicated above and mortality rates were calculated for ages 
up  to  age  79  and  estimated  for  ages  above  age  80.  For  this  estimation  a  modified 
logistic  function  was  applied  as  proposed  by  Kannisto  (Kannisto  et  al.1994)  and 
referred to as KVLF (Kannisto variant logistic function). This analytical method was 
used because the mortality trajectory slows down rather than increases exponentially 
toward the end of life (Kannisto 1994, Thatcher et al. 1998). Once all the mortality rates 
were  calculated  mortality  probabilities  for  the  life  tables  were  calculated  using  the 
method  proposed  by  Caselli  and  Egidi  (for  more  details  of  this  method  please  see 
Caselli and Egidi 1980). 
Standardized  mortality ratios (SMR)  were calculated by  municipalities (for all-
cause  and  specific  cause  mortality)  for  ages  80  and  over  according  to  procedures 
applied in epidemiology by Kahn and Sempos (1989). These ratios were constructed as 
                                                                        
7 Life tables were constructed as part of the Sardinian centenarian project funded by the Max Planck Institute for Demographic Research, Rostock. 
Elisabetta Barbi and Cecilia Tomassini have participated to this project (Caselli et al. 2002). 
8According to the 2001 census there are 377 municipalities in Sardinia. The 363 selected here are geographically similar compared with the 
starting date of the municipal analysis (1981). Demographic Research: Volume 14, Article 13 
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part  of  the  project  mentioned  in  footnote  (1).  The  SMRs  express  the  relationship 
between observed deaths in the Sardinian municipalities and expected deaths, or rather 
deaths  that  would  have  occurred  if  mortality  was  the  same  as  in  the  reference 
population.  The  standard  population  used  is  that  for  Sardinia  at  the  1981  census. 
However, for small municipalities the expected deaths, particularly when dealing with 
specific-cause  mortality,  is  often  less  than  one  and  therefore  when  the  SMR  is 
calculated  values  can  be  very  high.  This  may  cause  great  variability  among 
municipalities  of  the  same  size  and  also  a  high  random  error.  Hence,  detailed 
geographic maps of standard SMR values for numerous small municipalities tend to be 
extremely “spotted” and hard to read.  
To  overcome  this  drawback  the  Kernel  density  estimator  (Biggeri  et  al.  1993, 
Silverman 1986) is used to construct geographic maps of density estimators of standard 
ratios. To obtain a series of such indicators a  method of estimation  for the density 
function on the frequency of death is applied, taking into account the population density 
of  the  various  municipalities.  Kernel  density  estimators  are  the  smoothed  SMRs 
obtained as the spatial moving average for a number of municipalities adjacent to a 
given municipality. Spatial moving averages are weighted and the parameter used is the 
inverse of the distance between each municipality and the municipality of reference. 
The  subsequent  maps  obtained  using  these  new  indicators  show  groups  of 
municipalities that share homogeneous mortality patterns and are easier to read than 
those that use standard SMRs (Camnasio et al. 1996).  
 
 
3. Mortality and survival in Sardinian provinces  
The  best  synthetic  measure  of  mortality  over  time  and  space  is  undoubtedly  life 
expectancy at different ages. As each geographic analysis requires a point of reference 
for comparison, for Sardinia, Italy as well as North-West, North-East, Centre and South 
Italy were selected. The South includes Sardinia.  For the provinces and municipalities 
the region itself was used.  
 
 
3.1 Sardinia within the Italian context 
Taking life expectancy at birth at the beginning of the XXI century an Italian man could 
expect to live an average of 76.5 years, the same more or less as his counterpart in 
Sardinia and in the rest of the South. For women, the national life expectancy at birth is 
82.5 years in comparison with 83 in Sardinia, 81.7 in the South and 83.2 in the North-Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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East of Italy. Thus in the North-East a newly born infant in 2000 may expect to live 1.5 
years longer than his peer in the South. 
This ranking changes for life expectancy at 80 years. For men, elderly Sardinian 
men have the highest life expectancy, 7.6 years compared with 7.3 for Italy and 7.2 in 
the North-West. For women, similar to the situation at birth, their life expectancy is 
higher  in  the  North-East  and  lower  in  the  South  (9.6  compared  with  8.7  years). 
Sardinian men aged 100 maintain their ranking, with a life expectancy of 1.9 years 
compared with 1.8 in the North-West. Women aged 100 maintain the same positions as 
at age 80, with a life expectancy of 2.1 years in the North-East, 1.9 in the South and 2 in 
Sardinia (Table 1).  
 
 
Table 1:  Life expectancy for men and women, at different ages in Italy,  
in 4 geographic regions and in Sardinia, in 2000 (ISTAT 2004a) 
Age  Italy  North West  North East  Centre  South  Sardinia 
  M  W  M  W  M  W  M  W  M  W  M  W 
0  76.5  82.5  76.3  82.7  76.8  83.2  77.1  82.8  76.3  81.7  76.3  83.0 
80  7.3*  9.2*  7.2  9.2  7.5  9.6  7.4  9.2  7.2  8.7  7.6*  9.3* 
100  1.8  2.0  1.8  2.0  1.9  2.1  1.8  2.0  1.8  1.9  1.9  2.0 
 
* Our estimations for the period 1998-2000 are: for Italy 7.5 for men and 10.1 for women; for Sardinia are respectively 7.8 and 9.8.  
 
It should be noted that the ISTAT methods used to construct life tables tend to 
overestimate  mortality  at  the  upper  limits  of  life,  thus  underestimating  average 
survival
9.  By applying Kannisto’s method to correct these overestimate (Kannisto et al. 
1994)  and  regrouping  the  data  (1998-2000),    in  Sardinia,  for  example,  average  life 
expectancy at 80 years for men is 7.8 years (rather than 7.6) and 9.8 years for women 
(rather than 9.3). At age 100 this is respectively 2.4 and 2.5 years (rather than 1.9 and 
2.0)
10.  Using  Kannisto’s  method  does  not  have  an  impact  on  previously  observed 
geographic differences (i.e. the relative ranking across the regions remain about the 
same) although life expectancies are slightly different than those produced by ISTAT as 
shown in Table 1.  
Focusing on Sardinia (as well as the rest of the South) the first interesting finding 
regards the life expectancy of centenarians. Figures for men and women are similar, 
                                                                        
9Until  1998,  Istat  estimates  over  90-year  old  mortality  probabilities  using  an  exponential  function.  The  probabilities  reported  here,  using 
Kannisto’s method, are based on a logistic function, with a deceleration of mortality rate after 80 years. 
10 These data may be obtained from graziella.caselli@uniroma1.it. Demographic Research: Volume 14, Article 13 
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implying that mortality after age 100 is on average similar for both sexes. In the period 
1975-1977 Sardinian longevity is more similar for men and women also at age 80. 
A number of substantial gender differences emerge in inland Sardinia. A twenty-
year analysis of each individual province shows these trends.  
 
 
3.2 The provinces compared  
Table 2 clearly shows that inland on the island survival differences by province exist. 
Recent data show that the most disadvantaged life expectancies by birth are infants born 
in Nuoro, with a life expectancy of 75.4 years in 1998-2000, compared with a regional 
average of 76.3 years  (Table 2) and 76.7 in the province of Oristano. For girls, on the 
other hand, life expectancy is highest in Oristano and Cagliari, with an 83.6 and 83-year 
life expectancy at birth respectively, the same as for Sardinia as a whole.  
 
Table 2:  Life expectancy in Sardinian provinces at age 0, 80 and 100 years,  
for men and women; years 1975-1977, 1996-1997 and 1998-2000 
(mortality after age 80 estimated by the KVLF method) 
Provinces  1975-1977  1996-1997  1998-2000 
  e0  e80  e 100  e 0  e80  e100  e 0
(1)  e80  e100 
Men  
CAGLIARI  70.9  6.3  2.0  75.2  7.4  2.2  76.5  7.6  2.3 
NUORO  72.0  7.3  2.4  74.8  8.4  2.8  75.4  7.9  2.5 
ORISTANO  69.5  6.1  1.9  75.5  7.7  2.3  76.7  7.8  2.4 
SASSARI  70.9  6.9  2.3  75.7  8.6  2.9  76.4  8.1  2.6 
Sardinia  71.0        6.7           2.2  ..  ..  ..  76.3  7.8  2.4 
Women  
CAGLIARI  76.5  6.5  1.6  82.3  9.5  2.4  83.0  10.1  2.5 
NUORO  77.1  6.9  1.6  81.4  9.2  2.3  82.9  10.0  2.6 
ORISTANO  75.2  6.0  1.5  81.7  9.5  2.3  83.6  10.4  2.5 
SASSARI  76.5  6.6  1.7  82.0  9.0  2.2  82.6  8.8  2.1 
Sardinia  76.5  6.6  1.7  ..  ..  ..  83.0  9.8  2.5 
Differences: Women-Men 
CAGLIARI  5.6  0.2  -0.4  7.1  2.1  0.2  6.5  2.5  0.2 
NUORO  5.1  -0.4  -0.8  6.6  0.8  -0.5  7.5  2.1  0.1 
ORISTANO  5.7  -0.1  -0.4  6.2  1.8  0  6.9  2.6  0.1 
SASSARI  5.6  -0.3  -0.6  6.3  0.4  -0.7  6.2  0.7  -0.5 
Sardinia  5.5  -0.1  -0.5  ..  ..  ..  6.7  2.0  0.1 
 
Source: our elaboration of ISTAT data. 
(1).  Life expectancy data at birth is for 2000, ISTAT provincial tables. 
.. Data not available Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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Male survival ranking has changed over time. For the years 1975-77, a baby boy at 
birth had the highest life expectancy in the province of Nuoro. Recently, the province at 
the top of the scale regarding male and female life expectancy at birth is Oristano. 
In  Sardinia,  mortality  differences  by  sex  are  such  that  the  Sardinian  provinces 
represent an isolated case regarding elderly mortality in Italy (Lipsi and Caselli 2002). 
Table 2 shows that at the end of the 1970’s male and female life expectancies were 
fairly similar at age 80, however at age 100 male survival was decidedly higher. It is 
only more recently that women aged 80 live longer on average than men, while at age 
100 (as could also be seen from the ISTAT data in table 1), survival is largely similar 
for both men and women.  
Focusing  on  differences  by  provinces  and  by  gender,  and  considering  our 
estimation in 1998-2000 at age 80, Cagliari and Oristano had the highest female life 
expectancy (10.1  and 10.4 years) and the lowest for men (7.6 years in Cagliari and 7.8 
years in Oristano). In Nuoro and Sassari, however, male life expectancy was highest at 
this age (7.9 years and 8.1 years respectively) and, for Sassari, the lowest for women 
(8.8 years). Life expectancy at age 100 for men in Sassari is again higher than for 
women: in 1975-1977 men at age 100 could hope for a further 2.3 years on average 
compared to 1.7 years for women. Currently this is 2.6 for men and 2.1 for women. In 
Nuoro corresponding figures are respectively 2.4 and 1.6 in the first period and 2.5 and 
2.6  in  the  second  one  (Table  2).  Although  they  were  slightly  privileged  or  even 
disadvantaged, as was the case with Sassari, women have recently gained more than 
men whose situation, in some instances, even worsened during the ‘90’s.   
It is quite rare, apart from at extreme ages, to observe higher life expectancy for 
men  compared  to  women.  The  situation  for  Sassari,  that  already  existed  in  other 
provinces on the island at age 80 (Table 2), had already emerged for the province of 
Nuoro in a previous study of mortality trends in 94 Italian provinces for the years 1971-
73, 1981-83  and 1991-93 (Lipsi and Caselli 2002).  
Recent trends in sex differences in mortality among the provinces is an important 
feature  of  the  study  of  mortality  in  Sardinia.  Figure  1  compares  male  and  female 
mortality probabilities in the 1970’s and at the end of the 1990s. Figure 1 highlights 
how the cross-over between the male and female mortality curve shifts towards the 
upper ages over time for all the provinces. Of note are the four provinces where the 
cross-over occurred around age 80 in the 1970’s, while after age 90 in 1998-2000 and 
only for Sassari. Why were 80-year old men at an advantage over women thirty years 
ago? Why recently this advantage disappeared? There is no doubting the fact that the 
80-year  olds  in  the  period  1975-1977  are  today’s  centenarians  and  that  their  life 
expectancy  is  similar  to  that  of  women.  Clearly  it  is  not  possible  to  explain  this 
phenomenon  only  through  an  analysis  of  life  tables.  Similarly  it  is  not  possible  to 
understand provincial level sex differences in mortality without analysing individual Demographic Research: Volume 14, Article 13 
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and community risk factors. In demography, to furnish some sort of explanation, at 
least the causes of death that produce these differences are required. 
 
Figure 1:  Comparison of probabilities of death from age 50 to 99 years for men 
and women at 1975-1977 (left) and 1998-2000 (right),  





































































 Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
276    http://www.demographic-research.org 
3.3 Mortality by cause and survival among over 80-year olds 
Using Pollard’s decomposition method (1986) it is possible to identify to what extent 
mortality for each specific-cause of death influences differences in life expectancy at 
age 80 between a) Sardinia and Italy, b) the regions and each province and c) the sexes 
in each geographic zone. Positive gains in life expectancy (expressed as fractions of 
years of life) shown in Figure 2 reflect the positive contribution of that mortality by 
specific cause to the Sardinian-Italian difference in life expectancy by different age 
gropus; thus, mortality from that specific cause of death is lower in Sardinia than in 
Italy. Conversely, negative contributions to life expectancy reflect lower mortality for 
that specific cause of death in Italy when compared to Sardinia. Most of the 0.3 average 
male life years to the advantage of 80-year old Sardinians is due to lower mortality at 
all ages (the plus being higher than the minus contribution) for cardiovascular diseases 
(ischaemic,  and  other  cardiovascular  diseases)  and  cancers  (aged  80-89  groups). 
However,  taking  “other  causes”  Sardinians  are  at  a  disadvantage,  with  respiratory 
diseases (bronchitis, pneumonia and influenza: data available but not highlighted in the 
figure) playing a leading role. Sardinian women, whose survival is slightly lower than 
that for women on the mainland, like men, are at an advantage regarding mortality from 
cardiovascular  diseases.  A  similar  result  emerged  during  a  previous  study  for  both 
genders (Caselli et al. 2005) regarding mortality at age 80-99 years for cohorts born in 
1891-1902. Of note is the fact that, even when referring to period data, results show that 
elderly  mortality  among  Sardinians  from  cardiovascular  causes  is  lower  than  for 
Italians. This is crucial for their greater longevity.  
The  same  methodology  is  applied  to  study  survival  differences  between  the 
provinces and Sardinia. Focus is given to the main results for the provinces of Nuoro 
and Cagliari that, - excluding Oristano - , respectively, for men have had for a long 
period the highest and lowest life expectancy, and the province of Sassari that has the 
lowest female life expectancy at age 80. Figure 3 reveals that the recent advantage for 
men  aged  80  in  Nuoro  compared  with  Sardinia  is  due  to  lower  mortality  for 
cerebrovascular diseases and, at least for ages  80-84 years, cancers. Their advantage in 
the 1970’s could also be traced to lower mortality for other cardiovascular diseases and 
ischaemic hearth diseases, that played a negative role in 1998-2000. This is generated 
by the fact that men from Nuoro, with the highest life expectancy in 1975-1977, made 
fewer  gains  than  elsewhere  in  the  period  considered  (0.6  years  compared  with  the 
Sardinian average of 1.1 years). A smaller drop in mortality for both these causes may 
be blamed (Figure 3, Table 2). This also applies to women (Figure 4) who, unlike men, 
experienced a similar increase in life expectancy to that of the regional average (3.1 
years compared with 3.2) (Table 2). It could be said that the “cardiovascular revolution” 
did not affect the Sardinian provinces uniformly and Nuoro was the province that least 
exploited the benefits of modern treatments for these diseases and prevention services Demographic Research: Volume 14, Article 13 
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available throughout the region. Eighty-year olds from this province risk losing most of 
the advantage previous generations enjoyed and this could have an impact on the future 
size of the centenarian population.  
 
Figure 2:  Contributions of mortality by cause of death to differences in life 
expectancy at age 80 between Sardinia and Italy, for men and 
women, in 1998-2000 (Life expectancy: Sardinia 7.8 years and Italy 










































The province of Cagliari, with the lowest life expectancy at age 80 for men, is at a 
disadvantage due to higher mortality for cerebrovascular diseases, “other diseases” and 
cancers (negative contribution) (Figure 3).  
Women from the province of Sassari compared with those from Sardinia, in the 
last  period,  are  disadvantaged  in  terms  of  all-cause  mortality.  Mortality  from 
cardiovascular  diseases  is  much  higher  that  the  average  and  this  is  the  group  most 
disadvantaged in terms of this cause of death in Sardinia. 
At  this  point,  given  the  existence  of  provincial  level  sex  differences  in  life 
expectancy it is of interest to examine the underlying causes of death.  Figure 5 shows 
the  increased  gap  in  1998-2000  to  the  advantage  of  women  in  all  the  provinces, 
although less so in Sassari. Positive contributions confirm that the increased gender gap Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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in favour of women is largely due to lower female mortality from all cardiovascular 
diseases and cancer.  
While the gain in women’s life expectancy compared with men is due to lower 
mortality from cancer (especially in Oristano) and ischaemic heart diseases, equally 
important is the role played by mortality from “other causes”.  
At a time when mortality is dropping these results demonstrate women’s greater 
ability to implement preventive measures and exploit modern treatments now available. 
If these differences in attitudes to health persist and increasingly continue to affect sex 
differences in  mortality it  may be that  when the current  generation of 80-year olds 
become centenarians Sardinian men may lose their current advantage as today’s cohorts 
of centenarians pass away. 
    Demographic Research: Volume 14, Article 13 
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Figure 3:  Contributions of the mortality by causes of death to the differences in 
life expectancy at age 80 years between provinces and Sardinia, for 




















































































































































  Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
280    http://www.demographic-research.org 
Figure 4:  Contributions of the mortality by causes of death to the differences in 
life expectancy at age 80 years between provinces and Sardinia, for 
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Figure 5:  Contributions of mortality by various causes of death to differences 
in life expectancy at age 80 years between women and men. 
Provinces. Years 1975-1977 and 1998-2000  
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4. Inter-municipality differences in mortality  
As each province comprises numerous municipalities each with different demographic 
features,  its  population  heterogeneity  can  hinder  explanatory  analyses.  Besides,  by 
rigidly  fixing  boundaries  there  is  a  risk  of  overlooking  geographic  continuity  in 
demographic behaviour. The adjacent provinces of Sassari and Nuoro are similar in 
terms of their male mortality at extreme ages; however, they could hide similarities in 
mortality across these provincial boundaries. Hence, what could be especially useful 
would be a spatial analysis of mortality after age 80 using a municipality indicator. 
However,  as  the  population  of  the  municipality  is  too  small  to  ensure  statistical 
significance,  mortality  probability  or  life  expectancy  cannot  be  used.  Hence 
standardised mortality ratios are constructed by age group for various calendar years, 
thus guaranteeing a sufficient number of deaths in each group. Unfortunately, data are 
not available for the Sardinian municipalities for the entire period for each province. 
Data  supplied  by  the  Emilia-Romagna  regional  authorities  only  go  up  to  1994, 
however, provincial level analyses confirm that no substantial changes in the geography 
of mortality occurred in the 1990’s.  
As said in section 2, the indicator adopted for is the SMR for individual aged 80 
and over. The SMR is a useful indicator for understanding underlying trends. This age 
group was selected rather than the 80-99 age group as centenarians have little or no 
impact on the overall municipal indicator due to the small number of deaths after this 
age. With the SMR for those aged 80 and over by sex, for each municipality, and for 
two  periods,  1981-1989  and  1990-1994,  and  by  applying  the  Kernel  estimators  as 
smoothing procedure (section 2), adjacent similar mortality zones could be identified.  
 
 
4.1 Geography of mortality: total and by causes of death  
Figures for both sexes allow for a comparison to be made between the municipality and 
province map of Sardinia and the all-cause and cause-specific mortality for the years 
1981-1989 and 1990-1994. Low mortality is shaded in tones from blue to green, with 
higher mortality from orange to red. The geography of all-cause mortality highlights 
some interesting points (Figures 6 and 7). First, as was mentioned above similarities 
among the provinces may conceal different realities. For example, for men, (Figure 6), 
the areas comprising the municipalities of Sassari and Nuoro (with high life expectancy 
at  age  80)  during  the  second  period  show  both  high,  low  and  very  low  mortality. 
Second, figures reveal trend changes in the geography of mortality. For example, the 
area  of  low  male  mortality  in  the  north  has  shrunk,  involving  the  more  eastern 
municipalities of Sassari and others in Nuoro that are now comprised within the more Demographic Research: Volume 14, Article 13 
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disadvantaged zone. Similarly the situation has also worsened for women compared 
with the average (Figure 7) for the same municipalities in Nuoro and for those at the 
extreme north of Sassari. This may have generated the decline in the survival gap over 
time between the provinces mentioned above (sections 3.2 and 3.3). Linked to this is 
the fact that the area with the lowest mortality, although it has changed somewhat, 
maintains a geographic gradient that is shared by low mortality municipalities along the 
East, the North and South of the island. This more or less applies to both men and 
women although lately, as was stated, a number of more disadvantaged areas in Nuoro 
and Sassari have appeared in the low mortality zones.  
A comparison by sex shows that low mortality zones only partially overlap (i.e 
comparing figure 6 with 7). Substantial differences occur for the province of Cagliari 
with, on average, the lowest female and the highest male mortality. It is worth recalling 
that Cagliari has the lowest life expectancy for men aged 80 (sections 3.2 and  3.3). 
Almost all the municipalities adjacent to the province of Nuoro are excluded from the 
high  mortality  (low  life  expectancy)  zone.  Interestingly  this  shows  that  the  low 
mortality  zone  presents  geographic  continuities  that  do  not  respect  provincial 
administrative divisions.   
To  identify  which  causes  of  death  are  responsible,  the  geography  of  all-cause 
mortality can be compared with mortality from cardiovascular diseases. The geography 
for all the municipalities is similar to that for all-cause mortality, while considerable 
differences for men occur for the western municipalities of the province of Cagliari. 
These latter municipalities, with an average high all-cause mortality, are found within 
the low cardiovascular mortality zone (Figure 6 and 7). Figure 8 shows that the recent 
geography  of  mortality  from  ischaemic  hearth  diseases  is  similar  to  that  for 
cardiovascular diseases: explaining at the same time that mortality for this cause of 
death    influences  high  mortality  in  the  municipalities  around  the  Gulf  of  Cagliari. 
Figure 9 throws light on why there is high mortality in municipalities in the West. The 
reason is cancer. As was seen for the entire province, high mortality from cancer is the 
underlying  cause  of  high  all-cause  mortality  from  age  80  in  Cagliari.  Mortality  is 
particularly high in the municipalities of “Sulcis inglesiente”, that suffers environmental 
risks due to the presence of high-polluting mines, and also in the more industrialised 
western area.  
The  Italian  Ministry  of  the  Environment  has  listed  328  polluted  sites  in  the 
province of Cagliari, 159 in the province Sassari (to the extreme north-west in the area 
known as Porto Torres, and with high mortality from cancers and ischaemic hearth 
diseases), 98 in the province of Oristano including those where dismantling asbestos is 
carried out (around the gulf and with above average mortality particularly from cancers) 
and  126 in the province of Nuoro (well evidenced due to above average mortality from 
cancer and ischaemic diseases). Recently municipalities along the northern coast are to Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
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be found in the high mortality area for these causes, home to the island’s if not Italy’s 
most exclusive ports.  
Generally  speaking  the  geography  of  mortality  for  Sardinian  municipalities  for 
men  largely  confirms  the  north-south  divide  that  emerged  from  the  analysis  of 
provincial mortality for ischaemic heart diseases. However, additional information is 
gleaned in that the southern municipalities of the provinces of Nuoro and Oristano are 
found  alongside  low  mortality  municipalities  of  the  South  of  the  island.  Moreover, 
taking the north of  the region, numerous interior  municipalities in the provinces of 
Sassari and Nuoro are excluded from the high mortality area for this cause, and they 
have the lowest all-cause mortality and mortality from cancer.  
For  women  the  province  of  Sassari’s  disadvantaged  position  is  largely  due  to 
mortality from ischaemic heart diseases and cancers, found among the industrialised 
municipalities in the North and in the town of Sassari, where most of the province’s 
population is concentrated. Mortality from cancers for women as for men is highest in 
those areas considered polluted by the Environmental Ministry.  
The  only  recent  exceptions  are  the  western  municipalities  in  the  province  of 
Cagliari where the geography of mortality from cancers is different for both sexes: on 
average higher for men and lower for women. For the latter rates for Cagliari for ages 
80 and over life expectancy is one of the highest on the island, while the opposite is true 
for men.  
It  goes  without  saying  that  this  brief  analysis  can  be  extended  to  the  various 
geographic situations that emerged, although that performed to date on the geography 
of the mortality in the Sardinian municipalities is sufficient to be able to draw a number 
of conclusions.  
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Figure 6:  Geography of total mortality and mortality by cardiovascular 




Figure 7:  Geography of total mortality and mortality by cardiovascular 
diseases for women aged 80 and over. 1981-1989 and 1990-1994 
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Figure 8:  Geography  of  mortality  by  cardiovascular  diseases  and  ischaemic 
heart diseases  for men and women aged 80 and over. 1990-1994 
 
 
Figure 9:  Geography of total mortality and mortality by cancers for men and 
women aged 80 and over. 1990-1994 
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5. Some answers 
As was tentatively stated in the introduction, the remarkable number of centenarians 
found in a given geographic area may be traced to low mortality after age 80. It could 
be expected that the geography of the two phenomena should coincide.  
For the provinces, using 2001 census data on centenarians published by ISTAT 
(www.istat.it), Nuoro is the province with the highest number of centenarians as a total 
of the population (1.9 per 10000), followed by Oristano (1.4 per 10000; see Table 3). 
Of particular note is the much higher number of male centenarians in Nuoro than in 
other  provinces,  1.2  compared  to  0.4  for  Cagliari,  and  almost  double  the  regional 
average (0.7 per 10000). Moreover, from 1975-1977, Nuoro, has one of the highest 80-
year old male and female life expectancies and, thus, the lowest mortality after this age 
(see  Table  2).  Going  by  this  analysis  for  this  province,  and  focusing  on  men,  the 
hypothesis  that  where  there  is  over  80-year  old  low  mortality  the  number  of 
centenarians is also higher, would appear to be largely proved. 
 
Table 3:  The number of centenarians as a fraction of the whole population in 
Sardinia and in the provinces, by sex, at the 2001 census 
 
Number of centenarians  
Proportion of  centenarians in the 
population (per 10000) 
Municipalities 
and region 
Men  Women  Total  Men  Women  Total 
Cagliari  15  49  64  0.4  1.3  0.8 
Nuoro  16  33  49  1.2  2.5  1.9 
Oristano  7  15  22  0.9  1.9  1.4 
Sassari  15  37  52  0.7  1.6  1.1 
Sardinia  53  134  187  0.7  1.6  1.1 
 
However, the province is too much of a heterogeneous geographic entity to be 
representative of local situations that differ quite substantially. As was seen in section 4 
what  is  true  on  average  is  no  longer  so  when  various  geographic  contexts  are 
considered.  Hence,  accurate  information  can  only  be  obtained  when  mortality  and 
centenarians are considered within a municipal context.  
At municipal level, a 2001 analysis on Sardinians born between 1880 and 1900 as 
part of the AKEA1
11 project (Poulain et al. 2004) showed that the area with the highest 
                                                                        
11 AKEA1 is the first project of the study on Sardinian centenarian, directed by Luca Deiana, Sassari University. The name “AKEA” is derived 
from an expression in the Sardinian dialect that means “may you live 100 years!” Caselli & Lipsi: Survival differences among the oldest old in Sardinia 
288    http://www.demographic-research.org 
number  of  centenarians  (indicated  by  Poulain  et  al.  as  the  “Restricted  Blue  Zone”) 
groups together inland, adjacent municipalities  in the province of Nuoro (Figure 10). 
Here,  for  1990-1994,  male  life  expectancy  at  age  80  is  8.7  years  compared  with  a 
regional average of 7.5 years, while that for women is 11.1 and 8.3 years
12. This zone is 
part of a wider area (Extended Blue Zone) where the number of centenarians continues 
to outstrip the regional average and where life expectancy at age 80 for the same period 
is 8.2 for men and 8.7 years for women; once again topping the regional average. Inland 
municipalities in Oristano and Sassari fall within this zone, and they also enjoy the 
lowest  over  80-year  old  mortality.  Completely  excluded  from  this  zone  are  eastern 
municipalities  in  the  province  of  Cagliari
13  that,  however,  have  a  lower  mortality. 
Another exception to the rule is a number of northern municipalities in Nuoro that have 
high mortality for all causes although found within the zone with the highest number of 
centenarians.  
Aside from some exceptions it could largely be said that analogies between low 
mortality at ages 80 and over and the presence of centenarians is confirmed. 
A further goal of this project was to ascertain the causes of death responsible for 
geographic differences in mortality. An in-depth analysis of cause-specific mortality 
differences and information on lifetime morbidity  would be particularly useful. The 
results of these analyses could shed light on the factors that affect longevity in the 
population. For example, systemic chronic inflammation has been found to be related to 
mortality risks from different causes of death in older persons (Lio et al. 2003b 2004). 
Many studies discuss the critical importance of unregulated systemic inflammation in 
the shortening of survival in humans (Lio et al. 2003a). Sardinians, as we saw, are at an 
advantage to Italians enjoying lower cardiovascular mortality. In zones with the lowest 
mortality  in  Sardinia  deaths  from  these  diseases  are  lower  than  elsewhere.  Besides 
offering an explanation for such differences, these findings indicate the existence of a 
specific genetic or environmental factor that protect Sardinian men. Further research is 
needed to clarify the exact nature of these factors. 
At  municipality  level  individual  contexts  are  more  complex  with  regard  to 
mortality by cause. Taking cancers, and to an extent ischaemic diseases, in the more 
industrialised and polluted areas, the population’s health is continually under siege and 
mortality is higher for these causes. It goes without saying that over 80-year old life 
expectancy and the number of centenarians are also lower.  
This  research  shows  that  besides  having  “good”  genes  a  favourable 
environment is also essential for longevity. Equally crucial is the ability to preserve 
one’s health from external “assaults” that can curtail an individual’s potential life span.  
                                                                        
12 Table available from graziella.caselli@uniroma1.it 
13 Why Cagliari is excluded from the centenarian zone may depend on the fact that some centenarians were not fully documented during AKEA1, 
and researchers may have decided not to include them because of doubts about the numbers involved. Demographic Research: Volume 14, Article 13 
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Figure 10:  Geography of centenarian distribution, born in Sardinia from 1880 
to 1900 (AKEA longevity), and of total mortality for men and women 
aged 80 plus in 1990-1994 
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